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3.	 The	bien r	package	allows	users	to	access	the	multiple	types	of	data	 in	the	BIEN	
database.	Functions	in	this	package	query	the	BIEN	database	by	turning	user	inputs	








K E Y W O R D S
biodiversity,	community	plot,	ecoinformatics,	functional	traits,	herbarium	records,	occurrence,	
phylogeny,	plants,	presence,	R,	range	maps
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1  | INTRODUCTION
Understanding	 the	 distribution	 and	 diversity	 of	 organisms	 relies	
on	 the	 availability	 of	 large	 quantities	 of	 standardised,	 robust,	 and	






clades	 such	 as	 birds	 and	 mammals,	 which	 have	 trait	 (Myhrvold	
et	al.,	 2015),	 phylogenetic	 (Bininda-	Emonds	 et	al.,	 2007;	 Faurby	 &	
Svenning,	2015;	Jetz,	Thomas,	Joy,	Hartmann,	&	Mooers,	2012)	and	
range	 information	 (BirdLife	 International,	2013;	 IUCN,	2013)	avail-






is	 to	develop	workflows	 that	can	standardize	and	provide	access	 to	
disparate	 and	 heterogeneous	 data	 sources.	 Increasingly,	 the	 syn-
thetic	questions	biologists	are	asking	 require	computationally	 inten-
sive	 integration	between	 these	numerous	and	diverse	data	 sources.	
However,	 the	 existence	 and	 accessibility	 of	 data	 is	 only	 part	 of	 the	
issue.	Before	data	can	be	integrated,	they	must	be	assessed,	cleaned	
and	standardised.
The	 Botanical	 Information	 and	 Ecology	 Network	 (BIEN;	 










it	 generates	 species-	level	 distribution	models	 and	 phylogenies.	 The	
	current	version	of	the	BIEN	database	(bien	3.4	as	of	15	January	2017)	
contains	 81,108,996	 occurrence	 records	 that	 stem	 from	 378,502	
species	 from	 across	 the	 globe.	While	 the	 data	 are	 global	 in	 extent	
(Figures	1	and	2),	data	 integration	efforts	have	focused	on	the	New	
World	(North	and	South	America,	Table	2).
The	 BIEN	 database	 differs	 from	 other	 biodiversity	 databases	
in	 the	 breadth	 of	 data	 types	 it	 contains	 (Table	1),	 the	 integration	
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data	goes	through,	and	the	amount	of	additional	metadata	added.	
Most	 other	 databases	 focus	 on	 a	 single	 data	 type,	 such	 as	 TRY	
(Kattge	 et	al.,	 2011)	with	 trait	 data	 and	GBIF	 (Global	Biodiversity	
Information	 Facility,	 2012)	 with	 occurrence	 records,	 where	 BIEN	




undergo	 additional	 taxonomic	 and	 spatial	 validations	 that	 aren’t	
used	by	GBIF	 (Global	Biodiversity	 Information	Facility,	2012),	 and	
F IGURE  1 Number	of	geographically	validated	occurrence	records	per	100	km	×	100	km	cell	in	bien	version	3.4
F IGURE  2 Number	of	ecological	plot	locations	per	100	km	×	100	km	cell	in	bien	version	3.4
Number observed within 
bien 3.4 (Global)
Number observed within 
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unlike	 Traitbank	 (Schulz,	 2016),	 BIEN	 trait	 units	 and	 names	 have	
been	standardised.






offers	 a	user-	friendly	way	 to	visualize	 species	occurrence	data	 and	










to	 currently	 accepted	 names	 via	 the	 Taxonomic	 Name	 Resolution	
Service	or	TNRS	(Boyle	et	al.,	2013);	(2)	detects	and	flags	observations	








Range	maps	were	 built	 for	 each	 species	 using	 a	method	 deter-
mined	by	the	number	of	observations	of	that	species.	A	species	with	
a	single	record	was	assigned	a	range	that	included	only	the	100	km2 
cell	where	 it	was	 found.	 Ranges	 for	 species	with	 2–3	 records	were	
rectangular	bounding	boxes	with	the	 limits	set	by	the	minimum	and	
maximum	latitude	and	longitude	of	all	occurrences.	Ranges	for	species	
with	4–9	 records	were	built	with	 convex	hulls	 (the	minimum-	fitting	
polygon	 that	encompasses	all	occurrences	of	 that	 species).	For	spe-
cies	with	>9	 records,	we	built	 species	distribution	models	using	 the	







linear,	quadratic,	 and	product	 features	were	used	and	 regularization	
was	set	at	the	default	value.


















the	 software	 PHLAWD	 (Smith,	 Beaulieu,	 &	Donoghue,	 2009).	 The	
phylogeny	was	 constructed	 with	 RAxML	 (7.3.0;	 Stamatakis,	 2006)	
with	 an	 unconstrained	ML	 search	 and	 divergence	 times	were	 esti-
mated	 using	 penalised	 likelihood	 and	 the	 treePL	 software	 package	
(Smith	&	O’Meara,	2012).	Additional	details	on	the	methodology	used	
to	 extract	 these	data	 from	GenBank	 and	 align	 them	are	presented	
in	Hinchliff	 and	Smith	 (2014).	Onto	 this	phylogeny,	we	grafted	 the	
additional	taxa	from	the	BIEN	dataset	using	taxonomy	(genus	mem-
bership)	 as	a	guide	 for	 the	 remaining	c.	 72,000	species.	This	graft-
ing	was	repeated	to	create	a	set	of	100	phylogenies	to	account	for	
uncertainty	 in	 placement	 of	 species	 without	 genetic	 information.	
Additional	 information	 on	 the	BIEN	phylogenies	 is	 available	 online	
(http://bien.nceas.ucsb.edu/bien/biendata/bien-2/phylogeny/).
3  | b i e n  r  PACKAGE
A	common	hurdle	for	researchers	is	accessing	the	specific	subset	of	





cess	 and	work	with	 the	BIEN	database	 that	 allows	users	without	 a	
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We	follow	a	function	naming	convention	where	each	function	begins	
with	 the	prefix	 “BIEN_”	 followed	by	a	designation	of	which	data	 type	
it	accesses	 (e.g.	 “trait_”	or	 “ranges_”)	 followed	by	a	description	of	















to	contact	 the	BIEN	working	group	 (bien.working.group@gmail.com)	 to	
discuss	alternative	licensing	options.
5  | AUTHORSHIP GUIDELINES
Any	 publications	 using	 data	 obtained	 from	 BIEN	 should	 cite	 the	
original	publications	and	acknowledge	data	providers	when	possible.	
Studies	 utilizing	 large	 amounts	of	BIEN	data	 should	 seek	 solutions	
that	ultimately	 lead	to	an	entry	 in	the	Web	of	Science	so	that	data	




are	 a	major	 portion	 of	 the	 dataset	 analysed,	 or	 if	 a	 data	 contribu-
tor	makes	a	significant	contribution	to	the	analysis	of	the	data	or	to	
the	 interpretation	 of	 results.	 Similarly,	 studies	 utilizing	 significant	
fractions	of	BIEN	data	and	derived	data	products	 (species	 lists,	ge-
ographic	 ranges,	 etc.)	 for	 their	 research	 are	 encouraged	 (but	NOT	
required)	 to	 contact	 the	BIEN	working	group,	who	may	be	able	 to	
provide	 insight	 into	the	use	of	BIEN	data	and	expected	updates	to	




The	 BIEN	 database	 represents	 an	 unprecedented	 source	 of	 global	
botanical	data	that	currently	focuses	on	the	New	World.	The	BIEN	




the	 BIEN	 database	 by	 other	 programs.	 As	 development	 proceeds,	
we	will	add	functionality	to	allow	users	to	contribute	their	own	data	
and	 range	maps.	Accessing	 these	 data	will	 allow	 studies	 at	 an	 un-
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